The study evaluated 
Introduction
Mining is an important source of heavy metal contamination of the environment . Heavy metals are known to contaminate areas surrounding mine sites (Humphries, 2007) as well as pose serious threats to ecosystems and to human health (Duruibe et al., 2007) . The sources of contamination include mine tailings, heap leach areas, mine effluents, active and abandoned pits and spoil banks. Plants can accumulate heavy metals and other contaminants due to their great ability to adapt to variable chemical properties of the environment and have been described by Kabata-Pendias and Pendias (1984) as intermediate reservoirs through which contaminations from soil and partly from water and air move to man and animals. The main sources of trace elements or heavy metals to plants according to Vousta et al. (1996) are soil, atmosphere (through rain and dust) and nutrient solution, from which they are taken up by roots or foliage. Lorenz et al. (1997) observed that plants in the vicinity of metal mining sites are exposed to atmospheric deposition of particulate and gaseous matter generated by mining activities.
Plant responses to high metal accumulation in soil involve two important mechanisms, namely: accumulation and exclusion. Accumulation is the active uptake of metals and subsequent detoxification in above ground tissue while exclusion involves the maintenance of a constant concentration of heavy metals in the shoots regardless of soil loading (Baker, 1981) . It has been suggested by KabataPendias and Pendias (1984) and Alloway (1990) that the rate of uptake, accumulation or translocation of heavy metals in plants vary with plant species, organic matter content and binding capacity. Lynbun and Tychinin (2007) noted that some plants have developed stable forms that can tolerate soils containing high concentrations of heavy metals. Three categories of metal tolerating plants are described by Ghosh and Singh (2005) . These are excluders, indicators and hyperaccumulators. Excluders largely restrict metals to their roots while hyperacummulators can absorb high levels of metal in their roots, shoots and leaves (Cunningham and Ow, 1996; Chaudhry et al., 1998) .
Heavy metals are involved in a number of biochemical reactions in plants thus drawing attention on their toxicity potential. An important toxicity mechanism of heavy metals in the view of Cho and Park (2000) is their ability to bind oxygen, nitrogen and sulphur atoms in plant cell, thereby inactivating key enzymes that bind the cisteine. Enzyme inactivation can also result from the substitution of one metal ion with another in the molecule. An example of which is the substitution of Ca 2+ with Cd 2+ which inhibits phospoesterase cell activity (Rivetta et al., 1997) .
Garg and Singlar (2011) and Ozdener and Kutbay (2011) emphasize that heavy metals are abiotic stress factors to plants, affecting and altering their morphological and biochemical status. These changes are particularly linked to non essential heavy metals such as lead and cadmium. This category of metals, directly or indirectly affect physiological processes like photosynthesis, respiration, water balance and gas exchange. Toxicity and sensitivity of plants to heavy metals are largely controlled by soil conditions and plants species (Van and Clisjters, 1990) .
Plants growing on metal contaminated soils usually show disturbed water balance (Sayed, 1997) . Metals also cause oxidative stress in plants, referring to cellular damage by the active forms of oxygen such as superoxides and hydrogen peroxide (Kappus, 1985) . Oxidative stress may result from high heavy metal load which stimulates the formation of free radicals and reactive oxygen species (Dietz et al., 1999) . In plants, the antioxidant system gives crucial protection against oxidative damage (Noctor and Foyer, 1985) . Toxic metals can also induce visible stress symptoms in plants. These phytotoxicity symptoms include chlorosis, necrosis, leaf epinasty, death of older leaves and biomass reduction (Lagriffoul et al., 1998; Adraino 2001) .
In the study area, lead and zinc mining has been going on for over fifty years, and in recent times has been intensified. Obiekezie (2005) , Nwaugo et al., (2007) and Ogbonna et al., (2015) reported high levels of heavy metals in soils in the vicinity of metal mines. Nwaugo et al. (2008) also reported that microbial diversity and soil enzymatic activities were significantly depressed in metal contaminated soils in Ishiagu. The accumulation of heavy metals by staple tubers in Ishiagu was carried out by Onyedike and Nwosu (2008) . Leaf epidermal studies have been carried out in the study area by Ogbonna et al. (2013) but this should be extended to cover other plant parameters. Generally, the physiochemical status of plants in the study area has received little research attention. This study aims at bridging this gap.
There is a renewed interest in the importance of tropical plants in ethnomedical management of myriads of tropical diseases, in addition to the many environmental services they provide. Sustained phytotherapeutic efficacy and nutritional values of plants depend on the quality and quantity of secondary metabolites. When the secondary metabolites are attenuated by oxidative stress, the plants' ethnomedical, food value and environmental service potential will be affected.
Studies have linked many antioxidants and therapeutic properties of plants to flavonoids, ascorbic acids, phenolic compounds, and other secondary metabolites (Cook, et al., 1996) . These phytocompounds are metal pollutant sensitive, as heavy metals alter their biochemical configurations, limiting their bioavailability for therapeutic and other functions.
The present study is intended to evaluate the effects of the lead-zinc mining activities in some physicochemical properties of plants namely, ascorbic acid content, total chlorophyll content, relative water content, pH and stomata pore size. These properties are known indicators of oxidative stress.
Materials and Methods

Study Area
Ishiagu (latitudes 5° 52ʹ to 5° 60ʹ N and longitudes 7° 30ʹ to 7° 37ʹE), is in Ebonyi State, South Eastern Nigeria. Mean annual rainfall ranges from 1750mm to 2000mm and mean annual temperature is about 27°C. The study area is located in the tropical rainforest region. Solid mineral mining and agriculture are the main economic activities in the study area.
Sample Collection
Leaves samples were collected from plants in a mining site located at 05.55. 695N and 007.29 
Determination of Ascorbic Acid Content
This was determined according to Bajaj and Kaur (1981) method, using spectrophotometer. One gram of the leaf sample was treated with 4ml of oxalic acid -EDTA extracting solution in a test tube. Then 1 ml of orthophosphoric acid was added followed by 1 ml of 5% H 2 SO 4 and 2 ml of ammonium molybdate, and then 3 ml of water. The solution was allowed to stand for 15 minutes after which the absorbance at 760nm was measured. The concentration of ascorbic acid was extrapolated from a standard ascorbic acid curve.
Determination of Chlorophyll Content
This was determined after Arnon (1949) . Exactly 3g of the leaf sample was blended and then extracted with 10 ml of 80% acetone, left for 15 minutes and the liquid portion decanted and centrifuged at 2,500 rpm for 3 minutes. The supernatant was collected and its absorbance measured at 663 nm using spectrophotometer.
Determination of Leaf pH
Leaf pH was determined by "direct reading engineering method" (DREM) using a digital pH meter. The leaf extract was made by cold maceration of the leaf with de-ionised water, filtered through an ashless filter and the filtrate used for pH determination. The pH meter was precalibrated before it was used with buffer solution of pH 4 and 9. The pH electrode was carefully dipped into the filtrate in a 10ml beaker. The value displayed on the Crystal Liquid Panel (CLD) was taken as the true pH value. The exercise was triplicated and the average of the three readings was used.
Determination of Percentage Relative Water Content (RWC)
This was determined using the method described by Singh (1977) . Fresh leaf sample was weighed and recorded as Fresh Mass (FM). It was floated in distilled water inside a closed petri dish at room temperature for 24 hours. At the end of the incubation period, the leaf sample was wiped dry gently with blotted paper and re weighed to obtain the Turgid Mass (TM). It was then placed in a preheated oven at 80° C for 48 hours. Thereafter the leaf was weighed to obtain the Dry Mass (DM). The relative water content was calculated using the formula:
Where; FM = Fresh mass DM = Dry mass TM = Turgid mass.
Determination of Stomata Pore Size Preparation of Samples
Foliar epidermis of the adaxial (upper surface) and abaxial (lower surface) surfaces of the leaf samples were prepared by impression technique method. The slide was viewed under the light microscope at different magnifications and photomicrographs were taken with Zeiss light microscope with MC'35 Camera for 53mm film at x 100specific magnification. Measurement of pore diameter was done with an ocular micrometer.
Statistical Analysis
Minitab version 14 was used in computing analysis of variance at 95% confidence level.
Results
The result of plant physiochemical properties are shown on For stomata pore diameter, significant difference was found between pore diameter (abaxial and adaxial) among the various plants (p-value = 0.00 < 0.05). The highest mean value for stomata pore diameter occurred in Vitex doniana (Mean = 0.45µm) followed by Ipomoea asarifolia (Mean = 0.4µm) while the lowest mean values occurred in Andropogon tectorum (Mean = 0.15µm). Significant difference existed between stomata pore diameter abaxial and stomata pore diameter adaxial (p-value = 0.03 < 0.05). Significant difference was also found between stomata pore diameter (abaxial and adaxial) between the study area and control (p-value = 0.003 < 0.05).
Discussion
Plants differ in their ability to take up nutrients at a given pH level. Plant pH influences nutrient solubility and uptake in plants and can modify the toxicity of air pollutants (Klumpp et al., 2000.) . Generally plants with low pH are less tolerant of pollution than those with high pH (Singh and Verma, 2007) . Therefore, it is likely that all plants at the study site, with the exception of Chromoleana odorata and Ipomoea asarifolia both of which have pH of 6.9 are susceptible to heavy metal related pollution.
In plants, ascorbic acid, a natural antioxidant is important for and stress tolerance (Pant and Tripathi, 2011) . It maintains the stability of cell membranes (Keller et al., 1977) and activates plant defence mechanisms (Arora et al., 2000) . In stressed environments such as metal contaminated sites, higher amounts of ascorbic acid are produced by plants (Pant et al., 2011) . Although there was no significant difference in ascorbic acid content between study area and control, mean content of ascorbic acid was higher at the study area. Only three plants namely Adiantum caudatum, Alchornea cordifolia and Urena lobata had higher ascorbic acid levels at the control site (table 1) . Ascorbic acid level in plants screened were however lower than those obtained by Pant et al. (2011) and Pant and Tripathi (2011) for different plants.
Chlorophyll content of plants is a measure of environmental stress (Singh and Verma, 2007) .
Heavy metals interfere with chlorophyll synthesis in plants ( Van and Clijsters, 1990) . (Stobart et al. (1985) and Oncel et al. (2000) reported that chlorophyll content decreased with increase in metal concentration in plants. Changes in chlorophyll pigment content have also been linked to visual symptoms of plant illness and photosynthetic activity (Parekh et al., 1990) . There was no significant difference in chlorophyll content of plant species studied with respect to site. However using plant as a factor, significant differences exist in chlorophyll content. On the whole, chlorophyll content was generally higher at the control. C. retusa and V. ambigua were the only plants with lower chlorophyll content at the control. Chlorophyll content in this study was higher than what was obtained by Pandey and Tripathi (2011) and Pant and Dwivedi (2011) for different plants.
Heavy metals may interfere with water balance and content. Sayed (1997) observed that cadmium treated plants at higher concentration had lower relative water content than control plants. However, our study showed that there was no significant difference in RWC of the various plants or between sites. Reduction in RWC or leaf turgidity as a result of heavy metal induced stress has also been reported Barcelo et al. (1986) . This situation has been attributed to increase in resistance to water flow in the stem and alterations of cell wall properties (Poshenrieder et al., 1989) .
A possible reason for the observation in relative water content of plants is stomata occlusion by particulate deposition on leaves. This masks the stomata thereby decreasing transpiration rates or water loss. Particulates are usually generated during soil excavation in mining area by heavy equipment. Further, vegetation destruction and bare surfaces usually associated with open cast mining, the mining method used at the study area. This predisposes soil surface to wind erosion and the subsequent spreading of particulate contaminants by air borne dust.
Heavy metal presence has various effects on plant leaves including reduction in leaf area, stomata closure; low stomata index and pore diameter (Sayed, 1997; Perfus-Barbeoch, 2002; Weryszko-Chmielewska and Chwil, 2005) . Stomata closure may have contributed to the observed high RWC in plants at the study area since reduced stomata pore diameter implies tendency towards closure. The consequence is reduction in transpiration rate, thus increasing water retention (PerfusBarbeoch, 2002) . The results for stomata pore diameter agree with the findings of Sayed (1997) who worked on heavy metal (cadmium) impact on Carthisamus tinctorius and Shi and Cai (2009) for abaxial side. Reduction in stomata size can have other negative impacts on leaves including efficiency of transpiration, photosynthesis and gas exchange (Kasim, 2005) as well as on plant biomass Shi and Cai (2009) .
Lead-zinc mining activities generally involve the removal of overburden, drilling, blasting and crushing of stones. The various impacts produced by these operations are both size and location dependent. Manifestations of specific impacts are on the air, water, soil, earth surface, flora, fauna and human beings (Areola, 1991; Enger and Smith, 2002) . Apart from land degradation, other negative impacts of mining include swamp creation, deterioration of ground water, erosion of soil, noise from rock blasting, generation of dust, smoke and fumes, production of noxious gases and earth vibration. Suspended particulate matter is quite significant among all pollutants originating from such operations (USEPA, 1996) . While man and animals may move away from the source of negative impacts, plants are relatively immobile and therefore are the major recipient of environmental abuse, leading to alteration in physiochemical properties and induction of oxidative stress .
Ishiagu inhabitants, especially those in the rural communities rely extensively on herbal medicines as Ebonyi State generally is rich in medicinal plants. Medicinal plants growing around the mining sites accumulate these toxic metals (Ogbonna et al., 2015) and hence are, phytopotentially attenuated. Consumers of these plants such as man, game, and grazing animals are exposed to heavy metal contamination through the food chain. Occluded stomata affect transpiration and evaporation, enhancing water retention, turgidity and foliarlysis. This will invariably affect yield, nutritive value and phytoconstituents . Plants are primary producers in any eco-system. Their pollution will therefore affect all forms of life in the eco-system. If the intensity and the magnitude of such pollution exceed the plant's restorative ability, defoliation sets in and the fragile dynamic eco-system may break down.
Destruction of the guard cells will expose the plants to destructive herbivores, exacerbating stress in the plants, minimizing yield, challenging physiological and biochemical integrity. This leads to decreased nutritive and phytotherapeutic values. Besides, most metals implicated in lead-zinc mining activities are antagonistic to plants' hormones, enzymes and secondary metabolites. They may form stable complexes, thereby limiting their potential for a variety of functions, uses and services.
Conclusion
Anthropogenic activities such as heavy metal mining have various effects on environmental health. One of such effects is on the biochemistry and physiology of plants species thriving in such environments. In this study, an assessment of pH, ascorbic acid content, total chlorophyll content, relative water content and stomata pore size of plants in a lead-zinc mining area was made. Although significant differences between sites were found in only stomata pore size, higher values of ascorbic acid content and lower values of total chlorophyll content and pH of plants at the study site is suggestive of oxidative stress as a result of heavy metal contamination. Plants have various uses to man and the environment including reduction and mitigation of air pollution (Beckett et al., 1998; Lakshmi, et al., 2008) and medicinal and pharmacological importance (Burkhill, 1994; Lawal et al., 2011) . If plant physiochemical status is compromised, their capability to play these and other roles will be affected. In a situation where such plants are consumed by man, the associated health risk may be adverse.
